Background & Objective: Limited data are available on the prevalence of overweight in infants and children using the new WHO reference. Therefore, the objective of this study was to establish the prevalence of overweight in Saudi preschool children using the 2006 WHO child growth standards in comparison with the 2000 CDC reference in order to suggest the most suitable reference. Subjects and Methods: the data set of the 2005 Saudi reference was used to calculate the BMI for age in children below 60 months of age. The prevalence of overweight was calculated based on the two references using the WHO cutoffs (weight for height or BMI for age above þ2 standard deviation score). A lower cutoff for excess weight, BMI for age > þ 1 SDS (equivalent CDC cut off for overweight) was also used. All calculations were performed using the WHO and CDC software as appropriate. Chisquare test was used to compare proportions and a p-value <0.05 was considered significant. Results: There were 15554 children from birth to 60 months of age, in which the prevalence of BMI > þ2 SDS (WHO cutoff for overweight) using the WHO standards was 6%. Using the WHO and CDC reference, the prevalence of overweight by WHO cut off in the age group 24-60 months was 5% and 5.8% respectively (p¼0.100). Prevalence values using lower cut off for BMI for age > þ1 SDS were 15.7 % and 12.2% based on the WHO and CDC references respectively (p¼0.001). Conclusions: the prevalence of BMI > þ2 SDS (overweight by WHO definition) in Saudi infants and young children is intermediately high, calling for preventive measures to prevent further increases described in other countries. The WHO child growth standards appear to be a more suitable reference for the surveillance of overweight in preschool children. However, this assumption needs confirmation by further studies on the relationship between cutoffs and health outcome. Ó
Introduction
In almost all reports from different parts of the world, a high prevalence of overweight and obesity in children was documented. For example, in the United States of America (USA) the prevalence of BMI >95th percentile (cutoff for obesity) in 1999-2000 was 15.5% among 12-through 19-year-olds, 15.3% among 6-through 11-yearolds, and 10.4% among 2-through 5-year-olds, compared with 10.5%, 11.3%, and 7.2%, respectively, in 1988-1994. 1 Similarly, reports from the United Kingdom (UK) indicated increased prevalence of BMI >95th percentile (obesity) in 11-15 year-olds from 17% in 1996 to 25% in 2004. 2 Reports from developing countries show disparity in the prevalence of overweight and obesity. High prevalence, similar to developed countries, has been reported from transitional countries like Brazil, 3 United Arab Emirates, 4 and Saudi Arabia; 5 whereas low prevalence of overweight (4.94% in 2003 and 6.67% in 2005) has been reported from India 6 and a prevalence of 6.2% and 1.8% for overweight and obesity in [2002] [2003] in schoolchildren from Yemen.
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Most above-mentioned reports involve schoolchildren and adolescents and information on the prevalence of overweight and obesity in preschool children is scarce worldwide and mostly based on older references such as National Center for Health Statistics (NCHS), 8 the Center for Disease Control and Prevention (CDC) 2 or on extrapolation from the International Task Obesity Force (ITOF) cut offs in adults. 9 All these references do not include BMI below 2 years of age. The recent publication of the World Health Organization (WHO) child growth standards (WHO reference), which includes a BMI reference from birth to 60 months, 10 provided a new tool for the assessment of prevalence of overweight in infancy and early childhood. The objectives of this report are to establish the prevalence of overweight in a preschool Middle-Eastern population from birth to 60 months of age using the WHO reference and to provide a comparison with the 2000 CDC reference for the available age group (24-60 months) in an attempt to identify the most suitable reference for early detection of excess weight in infants and young children.
Subjects and methods
The prevalence of overweight in Saudi preschool children (birth to 60 months) was calculated from the data set collected for the 2005 growth charts for Saudi children and adolescent survey (Saudi reference). The design and methodology of this study have been reported in details elsewhere. 11 Briefly, the study sample was crosssectional, selected by multistage probability sampling procedure from a stratified listing based on the population census in the Kingdom of Saudi Arabia. Accordingly, the sample is representative of all the socioeconomic strata and consists of a majority of children with combined breast and formula milk feedings. Data collection was made by house-to-house visits where a survey questionnaire, clinical examination and body measurements were completed by primary care physicians and nurses. Weight, length and height measurements were performed by trained physicians and nurses. In children less than 2 years, weight was measured in the supine position on a sliding scale and length was measured in the supine position as well, whereas children above 2 years of age were weighed and their height was measured in the upright position according to standard recommendations. 12 For both age groups body measurements were performed by 2 members of the field team. Intra-and inter-observer variability were checked once in every 100 measurements. Body mass index (BMI) was calculated according to the formula (weight/height 2 ). Percentiles and z-scores of BMI for age were constructed and smoothed using the LMS Methodology. [13] [14] [15] The prevalence of overweight was calculated based on the two newest references (the 2006 WHO child growth standards and the 2000 CDC reference). The prevalence of overweight was defined according to the WHO cutoffs for this age group as the proportion of children whose BMI was above þ2 standard deviation score (SDS). Another cutoff for excess weight, BMI for age > þ1 SDS, similar to the BMI >85th percentile (CDC cut off for overweight), was used to investigate the difference in prevalence between the two references at lower cut offs used by other references. All calculations were performed using the WHO and CDC software as appropriate. 16, 17 Chi-square test was used to compare proportions and a p-value <0.05 was considered significant.
Results
The total national sample size in the Saudi data set was 35, 279 healthy children and adolescents of which 15554 children from birth to 60 months of age were the subjects of this report. Table 1 presents the prevalence of BMI > þ2 SDS using the WHO reference (overweight by WHO cutoff), indicating an overall prevalence of 6% with a peak prevalence of 10.6% between the ages 12-23 months, but no significant difference between boys and girls (p ¼ 0.531)).
Comparison of the prevalence of BMI > þ 2 SDS (overweight, according to the WHO cutoff) in the age group 24-60 months between the WHO and CDC reference is shown in Table 2 with prevalence of 5% and 5.8% respectively, a difference that is not significant (p ¼ 0.100). Prevalence values using a lower cut off for BMI for age > þ 1 SDS (equivalent to CDC cutoff for overweight) were 15.7% and 12.2% based on the WHO and CDC references respectively (Table 3) , indicating a significant difference (p ¼ 0.001) but no difference between boys and girls neither in the WHO (p ¼ 0.671) nor in the CDC reference (p ¼ 0.977). The Fig. 1 shows the prevalence of excess weight at different cutoff levels and age groups using the WHO standards as reference demonstrating variability with cut off and age.
Discussion
Most studies demonstrating increasing prevalence of overweight involve schoolchildren and adolescents where the problem has been shown to persist in adolescence and in adulthood leading to major health problems. 18 In addition, it has been shown that overweight preschool children (BMI > 85th percentile) were at least 5 times as likely to be overweight at 12 years than those who are not overweight, 19 and that rapid increases of weight for length in the first 6 and 4 months of life were associated with increased risk of obesity at 3 and 7 years of age respectively. 20 These reports and others demonstrate the importance of surveillance of overweight infants and young children. The prevalence of overweight in preschool children using the new WHO standards as reference has rarely been reported in nationally representative studies. Recently, the availability of distribution of BMI for age in a national survey of healthy Saudi children and adolescents allowed qualitative comparison with other populations which revealed important differences. 21 The present report demonstrates high prevalence of BMI > þ 2 SDS (overweight by WHO definition) in Saudi preschool children especially in infants. The effect of feeding practice on prevalence data in this report could not be analyzed because of very early introduction of artificial milk formula to Saudi infants. Our data indicated that 50% of the infants were started on formula at 1 month, 89.8% at 6 months, and 98.2% at 12 months of age. 22 As a result of overfeeding, this feeding practice may explain at least in part the peak BMI > þ 2 SDS between 12 and 23 months. The prevalence of BMI > þ 2 SDS (overweight by WHO definition) was not significantly different between the WHO and the CDC references. However, when a lower cutoff (BMI > þ 1 SDS) was used, the prevalence of excess weight was significantly higher with the use of WHO (15.7%) than with the CDC reference (12.2%), indicating that the effect of the type of reference is not uniform across all levels of cutoffs. In addition, this finding suggests that CDC reference, which is based on a population with increased prevalence of overweight, probably underestimates the prevalence of overweight. By contrast, the WHO standards which are based on healthier population of international background should give better estimate of prevalence of overweight and therefore seem to be the most suitable international reference for the surveillance of overweight in preschool children. In view of the role of excess weight in infants and young children in the development of overweight in older age groups, 19, 20 there is a need for the definition of lower cutoffs for overweight based on the new WHO reference. Although we have not performed comparison with the ITOF reference, others have reported less prevalence of overweight and obesity in comparison with the CDC reference. 23 Comparison of prevalence values in this study with those of other authors is difficult because of differences in age groups, type of samples, definition of cutoffs, and type of reference used. The report on prevalence of overweight in a population of U S children aged 0-59 months, 24 using both the WHO 10 and the CDC reference growth charts 25 is the most comparable to the present study, indicating a higher prevalence of BMI > þ 2 SDS of 8.3% compared to 6% in the present report. The prevalence of BMI > 85th percentile (CDC cutoff for overweight) in another US population of children 2-5 years of age using the CDC reference was reported to be 22.6% (23 for boys and 22.3 for girls) clearly higher than the 12.8% prevalence in our population but indicating no difference of prevalence between boys and girls. 26 A similarly high prevalence of excess weight (BMI > 85th percentiles) of 26.5% was reported in children 2-6 years of age from the Northeast of Brazil. 27 On the other hand, using the WHO reference, a low prevalence of overweight and obesity of 4.5% and 1.4% was reported in 2-5 years old children from South India. 28 Similar prevalence values for overweight and obesity to ours (13.7% and 5.2% respectively) have been reported from Nigeria. 29 In conclusion, the prevalence of BMI > þ 2 SDS (overweight by WHO cutoff) in Saudi infants and young children is intermediately high, calling for preventive measures to prevent further increases described in other countries. The WHO child growth standards, based on an international sample healthier than others, appear to be a more suitable reference for the surveillance of overweight in preschool children. However, this assumption needs confirmation by further studies on the relationship between cutoffs and health outcome.
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